Introduction: Wide local excision and adjuvant radiotherapy is the standard of care for early breast cancer. For large tumours, however, mastectomy is frequently recommended as conventional breastconserving techniques often result in poor cosmetic outcomes. Therapeutic mammaplasty (TM) may extend the boundaries of breast-conserving surgery by combining breast reduction and mastopexy techniques with tumour excision, preserving a natural breast shape and avoiding the need for mastectomy. The prevalence of this operative option among surgeons in the UK and its success rate are unknown. The TeaM study is a multicentre prospective study that aims to investigate the practice and outcomes of TM. Methods and analysis: Breast centres performing TM will be invited to participate through the research collaborative network and the professional associations. All patients undergoing TM between September 2016 and March 2017 will be included. Demographic, operative, oncological and complication data within 30-days of surgery will be collected. The primary outcome will be unplanned re-operation for complications. Secondary outcomes will include unplanned readmission, re-excision rates and time to adjuvant therapy. Prospective data on 500 patients from 50 centres are anticipated. Exploratory analyses will identify predictors for complications and inform the design of a definitive study.
Introduction
Wide local excision (WLE) and adjuvant radiotherapy is the standard of care early breast cancer [1, 2] . For large tumours, however, mastectomy is frequently recommended as conventional techniques often result in unacceptable cosmetic outcomes [3] which can adversely affect patient satisfaction and quality of life [4] . Therapeutic mammaplasty (TM) is a new technique that may extend the boundaries of breast-conserving surgery by combining breast reduction and mastopexy techniques with tumour excision [5, 6] . These techniques facilitate adequate resection of larger tumours while preserving a natural breast shape in women with medium to large breasts [7] [8] [9] [10] ; provide an alternative to mastectomy with or without reconstruction in those with ptotic breasts [6] and may improve outcomes for women with large breasts in whom standard wide local excision followed by radiotherapy may be associated with lymphoedema, fibrosis and chronic pain [11] .
Despite the widespread adoption of TM into practice, there is limited high-quality evidence to support the benefits of this approach. The majority of published studies are small, single centre, often retrospective case-series with inconsistent and heterogeneous outcome reporting, the results of which cannot be relied upon. Three recent systematic reviews [11] [12] [13] have highlighted the paucity of high-quality outcome data and emphasised the urgent need for well-designed prospective studies to establish the current indications and outcomes of TM. Particular uncertainties relate to the practice of TM in patients with large tumours (>4 cm) beyond the scope of traditional breast conservation; rates and management of margin positivity; predictors of adverse outcomes; the impact of TM on delivery of adjuvant therapy and appropriate assessment of key patient-reported outcomes including quality of life. Data to address these issues and the impact of TM on long-term oncological outcomes such as local recurrence are needed if the procedure is to be offered and bench-marked appropriately. There are, however insufficient data regarding the current indications and outcomes of TM in the UK to allow a definitive study to be designed.
A large prospective study of the current practice of TM is therefore needed to inform the design of a definitive study. Such studies are challenging, but the trainee research collaborative model [14] has emerged as a time and cost-effective means of conducting high-quality large-scale research [15] and audit [16] in surgery. Recent successes with iBRA (implant Breast Reconstruction evAluation Study) [17] [18] [19] and MasDA (Mastectomy Decisions Audit) and the development of a national breast surgical research collaborative [20] have demonstrated that the methodology is both feasible and effective within the context of breast surgery. It is anticipated that this network of highly-motivated breast and plastic surgical trainees and consultants can be utilised to deliver a new study to determine the practice and outcomes of therapeutic mammaplasty in the UK.
Methods and analysis

Aims and objectives
The primary aim of the TeaM (Therapeutic Mammaplasty) Study is to evaluate the current practice and outcomes of therapeutic mammaplasty in the UK.
This will be achieved using the following specific objectives:
i. To determine the number of breast and plastic surgical units offering TM across the UK and the volumes of procedures performed. ii. To describe the current practice of TM including the indications and techniques used. iii. To evaluate the 30 day clinical outcomes of TM and explore predictors for adverse outcomes. iv. To determine the impact of TM on the time to delivery of adjuvant therapy. v. To establish a network of units performing TM for future research studies. vi. To inform the feasibility, design and conduct of a future definitive large-scale study including patient-reported and long-term oncological outcomes of TM procedures.
Hypothesis
Therapeutic mammaplasty is a safe and effective technique for women undergoing breast conserving surgery for invasive or preinvasive breast cancer with rates of unplanned return to theatre and unplanned readmission to hospital for complications within nationally-defined guidelines for oncoplastic surgical procedures [21] .
Study design
This study will be undertaken employing a national multicentre prospective cohort design using the research collaborative model previously-reported [14] coordinated by the TeaM Study Steering Group.
Setting
All breast or plastic surgical units in the UK performing TM will be eligible to participate in the study. Units will be invited to participate via the collaborative groups (Mammary Fold Academic and Research Collaborative (MFAC), the Reconstructive Surgery Trials Network (RSTN) and the National research collaborative network) and the professional associations (Association of Breast Surgery (ABS), British Association of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS) and the Association of Surgeons in Training (ASiT)).
Participants
Inclusion criteria
All female patients over the age of 18 undergoing a therapeutic mammaplasty (TM) procedure. For the purpose of this study, TM will be defined as 'the oncoplastic application of breast reduction or mastopexy techniques including removal of skin to reduce the skin envelope to treat invasive or pre-invasive (ductal carcinoma in situ; DCIS) breast cancer using breast conserving surgery (BCS)' [5, 6] . The nipple may or may not be removed pending oncological indication. This will include the following techniques:
Wise pattern reduction patterns Vertical scar mammaplasty techniques Benelli mammaplasty techniques Tennis racket mammaplasty Grisotti flaps Horizontal wedge excision
Exclusion criteria
Patient undergoing:
Standard wide local excision not using any of the techniques listed above BCS combined with volume replacement procedures such as latissimus dorsi (LD) mini-flaps, thoracodorsal artery perforator (TDAP) or lateral intercostal artery perforator (LICAP) flaps Breast reduction or mastopexy to achieve symmetry or improve the appearance of the breast in a separate procedure from the initial tumour resection Mastectomy with or without immediate reconstruction Surgery for indications other than invasive or pre-invasive disease
Outcome measures
The primary outcome will be unplanned re-operation for complications within 30 days of the TM procedure. This is based on the ABS and BAPRAS Oncoplastic Surgery: Guidelines for Best Practice [21] quality criteria (QC16) which states that less than 5% of patients should return to theatre for local complication including wound infection, wound problems requiring debridement or haematoma requiring evacuation [21] . Secondary outcomes will include unplanned re-admission to hospital following discharge home; re-excision of margins, and time to delivery of adjuvant therapy ( Table 1) . The National Institute for Health and Care Excellence recommends that adjuvant therapy is delivered ''as soon as clinically possible within 31 days of completion of surgery" [22] .
Data collection
It is expected that participating centres will recruit consecutive patients into the study. The completeness of case ascertainment will be determined by independent validation of procedure numbers and data collection in selected sites. Any disparity will be explored with the unit concerned and any unit determined to have recruited patients selectively will be excluded from the analysis (see QA section).
All women undergoing TM as previously defined will be identified prospectively from clinics, multidisciplinary team (MDT) meetings and theatre lists.
Simple demographic, co-morbidity, pre-operative planning, operative and oncology data will be collected for all patients. Decisions regarding adjuvant treatment recommendations will be identified from the post-operative MDT meeting.
Data regarding 30 day complications, re-admission and reoperation will be collected prospectively by clinical or case-note review in those not attending for follow-up. Date of commencement of adjuvant therapy will be identified by a review of relevant hospital systems. The required data fields are shown in Table 2 and definitions and categorisation of complications summarised in Table 3 .
Data will be recorded in an anonymised format using a unique alphanumeric study identification number on a secure web-based database (REDCap) designed by Vanderbilt University [23] (http:// www.projectredcap.org/). Advanced branching logic will be used such that only data fields relevant to the type of surgery will be displayed in later data collection forms. It is anticipated this will reduce the burden of participation for collaborators and optimise the quality of data collected during the study. The data forms and database will be extensively trialled in a three centre pilot prior to national roll-out of the study. This will validate the logic used and ensure that the forms are complete, user friendly, and allow for any errors to be corrected prior to main study initiation.
Data validation and management
Following data collection, only data sets with >75% data completeness will be included in the analysis [24] . For quality assurance purposes, the consultant principal investigator at selected sites will be asked to identify an independent person to validate a proportion of the submitted data. Overall, approximately 5% of the datasets will be independently validated. The independent assessors will also be asked to examine theatre logbooks, operating diaries and Trust computer systems to check case ascertainment. If concordance between the number of cases submitted on REDcap and those identified independently is <75%, the Unit's data will be excluded from the analysis. This is consistent with the quality assurance procedure used in other large collaborative audit projects [24] . Data collection will occur in accordance with Caldicott II principles (http://systems.hscic.gov.uk/infogov/caldicott/caldresources). Data for each patient will be anonymised using a unique alphanumeric study identification number. No patient identifiable data will be recorded centrally for the purpose of the audit.
Study data will be collected and managed using REDCap electronic data capture tools hosted at University of Oxford [23] . RED-Cap (Research Electronic Data Capture) is a secure, web-based application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry; (2) audit trails for tracking data manipulation and export procedures;
(3) automated export procedures for seamless data downloads to common statistical packages; and (4) procedures for importing data from external sources.
Anticipated recruitment
Data regarding the numbers of TM procedures performed nationally are lacking. A national survey of specialist centres, however, suggests that between 10 and 20 TM procedures per centre per year may be a reasonable estimate of volume per centre [25] . It is anticipated that the majority of the 144 breast units in the UK will offer TM to their patients. Based on experience from the iBRA study [26] and other trainee collaborative projects [20] , approximately 40% of units will choose to participate in the study. It is therefore anticipated that between 250 and 500 patients will be recruited to the study from approximately 50 centres over a six month period. No formal power calculation has been per-formed, but it is anticipated that data from this study will be used to inform the sample size for the definitive study.
Study timelines
Data collection and analysis will be undertaken using the following time line June-August 2016 -Three centre pilot study, refining of data collection forms June-August 2016 -Registration of interest from breast and plastic surgical units. Local unit audit approvals obtained. Participating centres will be required to have registered the study and obtained local approvals prior to the main study start date of 1st September 2016 1st September 2016-28th February 2017 -Main study patient recruitment; patients undergoing therapeutic mammaplasty with operation dates between 1st September 2016 and 29th February 2017 are eligible for inclusion in the study 28th April 2017 -deadline for data submission 1st July 2017 -Data validation complete 30th August 2017 -Initial data analysis completed
Statistical analysis
The study report will be prepared according to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) reporting guidelines for observational studies [27] . All data analysis will occur centrally by the TeaM study team with support from statisticians and methodologists in the RCS Surgical Trials Centre. Simple summary statistics will be calculated for each outcome and multivariate regression analysis used to control for predictive variables. Data will be tested for distribution and differences between clinically relevant groups using unpaired t-tests, Mann-Whitney U tests and Chi squared tests as appropriate. Exploratory analyses will be performed to explore predictors for complications and generate hypotheses for future studies. Summary statistics will be calculated for each participating Trust and fed back to individual units to allow comparison with national averages and ranges.
Discussion
Therapeutic mammaplasty may improve quality of life for women who would traditionally experience poor cosmetic outcomes following breast conservation or require a mastectomy as the primary surgical treatment for their breast cancer, but quality evidence to support these benefits is currently lacking. Welldesigned prospective data are therefore urgently required to establish the value of TM and support the on-going provision of the procedure to women with breast cancer in the UK.
The TeaM study represents the first important step in establishing a definitive evidence-base to support the role of TM as an essential part of the oncoplastic armamentarium. There are currently insufficient data to inform the design of a definitive study of therapeutic mammaplasty in the UK. The TeaM study will generate high-quality prospective multicentre data regarding the practice and outcomes of the technique and key information regarding the timing of contralateral symmetrisation surgery. This will lead to a well-designed large-scale multicentre cohort study integrating important patient-reported, cosmetic and long-term oncological outcomes which will provide much needed evidence to support practice. The TeaM study will establish current indications for surgery, establish safety by benchmarking TM against national quality criteria for oncoplastic breast surgery [21] and allow predictors for adverse outcomes to be explored. This will provide important information to help patients and surgeons make more informed decisions about their surgical options. Furthermore, the TeaM study will define national standards of care and establish best practice leading to novel guidelines to support centres offering the technique. This is an established methodology as data from the National Mastectomy and Breast Reconstruction Audit [28] [29] [30] [31] was used to develop the current oncoplastic guidelines [21] . This will improve outcomes for patients through better standardisation of care.
The use of the trainee collaborative model will allow the study to be conducted in a time and cost-effective manner. It will further consolidate the infrastructure established by the iBRA study [19] and facilitate the delivery of the definitive study by establishing a network of units performing TM who are engaged and interested in undertaking further work in this area. A national study will promote increased awareness and understanding of the technique allowing breast and plastic surgical trainees to learn about the indications, techniques and outcomes of TM which may also improve patient care. Finally, this approach will create research capacity through training future breast and plastic surgeons in research methodology leading to more and better research that will ultimately improve outcomes for patients.
Ethics and dissemination
The proposed study will not affect clinical care and compares outcomes to published clinical standards. Research ethics approval is not required and this has been confirmed by the Health Research Authority (HRA) on-line decision tool (http://www.hra-decisiontools.org.uk/research/). A study lead will be identified at each participating centre. If the unit lead is a trainee, the named supervising consultant will act as the principal investigator for the unit for registration purposes. The study lead will be required to register the audit and obtain local audit approvals for study participation prior to commencing patient recruitment. A copy of the approval will be also forwarded to the TeaM study team. Patient consent is not required as no patient identifiable data are being recorded and there is no perceived risk to patients.
The protocol will be disseminated via the collaborative network including Mammary Fold Breast Trainees' Group Academic and Research Collaborative (MFAC), the Reconstructive Surgery Trials Network (RSTN), the Association of Surgeons in Training (ASiT) and the National Research Collaborative (NRC) as well as the professional associations the Association of Breast Surgery (ABS) and the British Association of Plastic Reconstructive and Aesthetic Surgeons (BAPRAS). The protocol and data collection sheets will be available on line (www.themammaryfold.com). Individual centres will have access to their own data. Rates of re-operation and readmission following TM will be calculated for each unit and compared with the national average and quality standards defined by the professional association and NICE. Data will be fed back to participating centres at the end of the study. Overall audit results and results from individual centres will be fed back to ABS and BAPRAS.
Collective data will be analysed and the results of the study presented at relevant scientific meetings and published in peerreviewed journals. The results of the study will be used to determine national standards and inform patients and surgeons considering surgery in the future. Table 3 Definitions of 30 day complications.
Complication
Definition Classification Seroma A symptomatic collection of fluid in the operated breast Only seroma requiring aspiration to be recorded Haematoma A collection of blood in the operated breast Minor -managed conservatively Major -requiring surgical evacuation Infection A hot, red swollen breast associated with one of the following; a temperature, pus at the wound site, a raised white cell count; a positive wound culture within the first 30 days of surgery. 
Minor -requiring oral antibiotics
